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I.  THE  CRYSTAL  STRUCTURE  OF  FORMIC  ACID 


ABSTRACT 

A partial  study  of  the  orystal  structure  of  formic  aoid  has  been 
made#  The  structure  determination  will  not  be  continued  because 
similar  work  has  been  completed  by  Holtzberg,  Post,  and  Fankuohen. 

The  results  of  the  present  investigation  are  in  agreement  with  their 
results# 

1.  INTRODUCTION 

At  the  beginning  of  this  work,  formic  aoid  was  one  of  the  simple 
substanoes  whose  orystal  structures  had  not  been  investigated#  It 
was  an  attractive  substanoe  for  study  for  several  reasons:  it  would 
supply  more  data  on  the  length  of  bonds  in  carboxylio  adds;  it 
would  provide  more  data  on  the  nature  of  hydrogen  bonds;  and  it  might 
provide  an  explanation  for  the  unusually  large  dieleotrio  e<thstant 
whioh  has  been  observed  for  the  orystal U)#'  It  had  the  additional 

(1)  J.F.  Johnson  and  R.H,  Cole,  J.  Am.  Chem.  Soo.,  73, 

4536  (1951) 

praotioal  advantage  that  the  apparatus  necessary  to  freeze  and 
preserve  orystals  of  formio  aoid  need  not  be  very  elaborate  since  it 
freezes  only  a few  degrees  below  room  temperature. 

E.  EXPERIMENTS 

It  was  neoessary  to  oonstruot  apparatus  for  growing  and 
maintaining  orystals  inside  a conventional  X-ray  diffraction  oamera. 
The  work  of  Abrahams,  et  al.^2)  had  shown  that  a smooth  stream  of 

(2)  S.C#  Abrahams,  R#L,  Collin,  W,N#  Lipscomb,  and  T.B.  Reed, 
Rev.  Sol.  Instr.,  SI,  396  (1950) 

cold  gas  blowing  over  the  oapillary  containing  the  liquid  sample 
accomplishes  this.  In  our  arrangement,  tank  nitrogen  was  passed 
through  a oopper  ooil  immersed  in  a cooling  bath  and  then  through  a 


£. 

Dewar- jacketed  glass  delivery  tube,  so  that  a stream  of  oold  nitrogen 
wasdirected  vertioally  downward  onto  the  sample*  The  ooil  was 
soldered  through  the  bottom  of  an  insulated  metal  oan  and  was  joined 
to  the  delivery  tube  by  means  of  a Housekeeper  seal.  The  oan  was 
filled  with  a Dry  Ioe- isopropanol  mixture*  Temperatures  of  about 
-30°C*  oould  be  maintained  at  the  sample  with  a reasonable  rate  of 
flow  of  nitrogen.  The  entire  assembly  was  mounted  directly  above 
the  oamera  on  a metal  tripod*  The  sample  was  mounted  in  a sealed 
oapillary  of  about  0.5  mm  internal  diameter  on  a Unioam  oscillation- 
rotation  X-ray  goniometer. 

In  order  to  grow  a single  crystal  of  formic  acid,  the  sample 
was  oooled  slowly  by  gradually  increasing  the  flow  of  oold  nitrogen. 
Usually  a few  relatively  large  crystals  would  form  in  the  capillary, 
which  oould  then  be  adjusted  to  bring  a single  orystal  into  the  X-ray 
beam.  It  was  also  possible  to  obtain  single  crystals  by  freezing  the 
sample  quiokly,  then  remelting  most  of  it  with  a jet  of  warm  air, 
and  finally  allowing  the  remaining  crystals  to  grow  slowly  by  grad- 
ually removing  the  air  Jet.  In  our  experience  formio  acid  crystals 
grew  always  with  the  same  crystallographic  direction  parallel  to  the 
axis  of  the  oapillary. 

After  a suitable  orystal  had  been  grown,  the  film  was  wrapped 
around  a cylindrical  frame  replacing  the  film-holder  provided  with 
the  instrument.  A split  cylinder  of  brass  was  then  plaoed  around 
the  film  to  hold  it  in  place  and  to  contain  the  X-rays. 

All  experiments  used  Ni-filtered  CuKcx  X-radiation  from  a 
Philips  Diffraotion  Unit. 

Rotation  photographs  and  15*  osoillation  phonographs,  about  the 
axis  labelled  £,  were  prepared  from  several  orystals  at  -15®C« 
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3.  RESULTS 

Proa  measurement  of  the  layer  line  spaoing  on  the  best  rotation 
photograph  the  length  of  the  £-axis  was  found  to  be  5.4  A.  The  £ =0 
layer  of  the  reoiprocal  lattioe  was  reconstructed  by  a straight- 
forward graphical  procedure.  Prom  this  reconstruction,  the  lengths 
a - 10.3  and  b * 3.84  A were  determined.  The  crystal  is  orthorhombic. 
Systematic  absenoes  indicated  (h0£)  present  only  with  h = 2n  and 
(Ok-0  present  only  with  k + i « 2n,  where  n is  an  integer.  These 
results  were  somewhat  tentative  beoause  of  the  relatively  small 
number  of  reflections  observed.  They  indicate  that  the  space  group 
is  probably  Pnafi-^  or  Pnam. 

At  this  point  the  similar  work  of  Holtzberg,  Post,  and  Fankuchen 
(3),  on  the  structure  of  formic  aoid,  came  to  our  attention.  Sinoe 

(3)  F.  Holtzberg,  B.  Post,  and  I.  Fankuohen,  J.  Chem.  Phys., 

20,  198  (1952) 

our  preliminary  results  were  in  agreement  with  theirs,  it  seamed 
pointless  to  oontinue  our  work  on  formio  aoid.  The  axial  lengths 
reported  here  are  all  slightly  larger  than  those  obtained  by 
Holtzberg,  et  al.  This  is  explained  partly  by  the  fact  that  our 
photographs  were  prepared  at  -15®  while  theirs  were  prepared  at  -45°, 
but  mostly  by  the  fact  that  our  values  have  not  been  refined  as 
thoroughly  as  theirs. 


II.  THE  CRYSTAL  STRUCTURE  OP  ISO CYANIC  ACID 
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ABSTRACT 

Isooyanio  aold  is  orthorhombic,  with  space  group  Pnma  or  Pn2T_a. 
The  unit  cell  dimensions  are  a = 10.72  40.06,  b = 5.15  ±0.03,  end 
o = 3.56  ±0.03  A,  There  are  4 molecules  in  the  unit  oell. 

1,  INTRODUCTION 

The  structure,  in  the  vapor,  of  the  compound  of  empirioal 
formula  CHON  has  been  shown  to  be  that  represented  by  the  structural 
formula  HNCO,  aocording  to  electron  diffraction^),  miorowave  (2 ) , 

i 

(1)  E.H.  Eyster,  R.H,  Gillette,  and  L.O.  Brockway,  T.  Am. 

Chem.  Soo.,  62,  3236  (I94w) 

(2)  L.H,  Jones,  J.N,  Shoolery,  R.G,  Shulman,  and  D.M,  Yost, 

J.  Chem.  Phys.,  18,  990  (1S50) 

and  infrared (3) investigations.  In  the  orystal  the  molecular  struct- 

(3)  G,  Herzberg,  Discussions  Faraday  Soo.,  No.  9,  92  (1950) 

ure  appears (3)to  be  the  same,  but  the  structure  HOCN  may  be  possible. 
It  should  be  possible,  from  an  X-ray  structure  determination,  to 
deoide  if  the  second  alternative  is  realized  in  the  crystal. 

The  hydrogen  bond  pattern  in  the  orystal  should  be  informative 
as  to  the  configuration  favored  by  hydrogen  bond  formation,  beoause 
such  bonds  should  be  the  strongest  intermolecular  attractions  in  the 
orystal  and  beoause  the  hydrogen  atom  is  not  collinear  with  the  rest 
of  the  molecule.  An  accurate  determination  of  the  structure  should 
provide  significant  information  about  bond  lengths  and  angles  and 
about  the  general  oonsiderationswhiah  determine  the  mode  of  packing 
of  moleoules  in  the  crystal, 
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2.  EXPERIMENTS 

Isooyanio  aoid  was  prepared  by  the  method  of  Linhard^, 


5« 

as 


(4)  M.  Linhard,  Z,  anorg.  u.  allgem.  Chem.,  236,  200  (1938) 

modified  by  Kerzberg(2),  by  the  depolymerization  of  the  trimer, 
oyanurio  aoid.  Eastman  oyanurio  aoid  was  dried  under  vaeuum  at  200°. 
It  was  sublimed  at  450®  in  a Fyrex  tube  and  the  vapor  was  swept 
through  a 12  inoh  long  Vycor  tube,  maintained  at  700°,  by  a stream 
of  dry  nitrogen  under  reduoed  pressure.  The  resulting  isooyanio  aoid 
vapor  was  then  condensed  in  a trap  oooled  with  a Dry  loe-iaopropanol 
bath.  This  trap  contained  finely  divided  silver  oxide  to  oxidize  any 
HCN  formed  by  the  pyrolysis. 

The  product  was  then  distilled  from  this  trap  into  a seoond  one 
containing  PgOg  to  remove  moisture.  This  distillation  was  effeoted 
under  reduoed  pressure  and  at  a temperature  from  -50°  to  -40°.  The 
isooyanio  acid  was  allowed  to  stand  in  oontact  with  the  desicoant 
for  several  hours  at  about  -80*.  It  was  then  distilled  similarly 
into  a device  for  filling  capillaries.  By  this  stage,  the  product 
was  a dear  colorless  liquid  whioh  froze  to  a white  solid. 

Several  oapillaries  were  then  filled  with  the  produot  by  means 
of  a filling  devioe  whioh  allowed  a controlled  amount  of  liquid  to  be 
transferred  from  a reservoir  to  a oapillary  by  a controlled  positive 
pressure  of  dry  nitrogen.  The  thin-walled  oapillaries,  of  0.7  to 
0.5  mm  outside  diameter  were  thensealed  off  under  vaouum  while  the 
sample  was  kept  frozen  under  the  surface  of  liquid  nitrogen.  The 
oapillaries  were  preserved  in  a Dry  loe-isopropanol  bath  until  used 
in  order  to  prevent  the  repolymerization  whioh  beocmes  appreelabie 
when  the  temperature  rises  above  -20°. 
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The  purity  of  the  product  was  then  roughly  oheoked  by  measuring 
the  vapor  pressure,  at  several  temperatures,  with  a maroury 
manometer.  The  values  differed  from  those  given  by  Linhard^by  less 
than  5$. 

A new  apparatus  for  freezing  the  sample  in  the  X-ray  oamera  was 
constructed,  like  that  of  Abrahams,  et  al.(5).  It  consisted  of  a 

(5)  S.C,  Abrahams,  R.L.  Oollin,  W.N.  Lipscomb,  and  T.B.  Reed, 
Rev.  Soi.  Instr.,  21,  396  (1950) 

4-1/2  liter  Dewar  flask  reservoir  for  liquid  nitrogen  and  a Dewar- 
jaoketed  delivery  tube  bent  so  that  a stream  of  cold  nitrogen  was 
direoted  vertically  downward  onto  the  sample.  The  reservoir 
contained  an  electrical  heating  coil  to  control  the  rate  of  boiling 
of  the  nitrogen  and  henoe  the  temperature  at  the  sample.  The  deliv-. 
ery  tube  had  an  internal  diameter  of  about  13  mm.  Frosting  of  the 
sample  oapillary  was  minimized  by  shaping  the  delivery  tube  so  that 
the  gas  jet  wasfairly  wide  and  non-turbulent.  In  addition,  a room 
air-oonditioner  reduoed  the  moisture  in  the  air.  Temperatures  down 
to  -150°  were  maintained  by  this  apparatus.  At  -125°,  liquid 
nitrogen  was  oonsumed  at  the  rate  of  2 liters/hour. 

The  X-ray  unit,  the  oamera,  and  the  film-holder  were  those 
described  in  part  I. 

Several  powder  photographs  of  isocyanic  acid  were  prepared,  both 
for  comparison  with  similar  photographs  of  oyanurio  aoid  as  a further 
oheok  against  polymerization  and  for  increased  accuracy  of  oertain 


measurements. 
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Several  single  orystal3  v;ere  grown  by  partial  pelting  of  a 
polyoryatalline  sample,- by  means  of  a small  eleotrio  heating  coil, 
followed  by  slow'  refreezing  Isooyanic  aoid  crystals  grew  always 

with  the  o axis  parallel  to  the  axis  of  th6  capillary# 

Single  crystal  rotation  and  15*-oscillation  photographs  were 
then  prepared  at  -130  15°.  Ni-filtered  CuKcl.  radiation  was  used 
except  for  one  rotation  photograph  which  was  prepared  with  Zr-filtered 
MoKtx  radiation;  the  latter  showed  no  reflections  beyond  those 
recorded  on  the  GuKot  photographs  because  of  the  relatively  rapid 
decline  of  intensity  with  scattering  angle,  One  set  of  osoillations 
was  reoordod  on  paoks  of  three  films  for  use  in  intensity  estima- 
tion. 

3.  RESULTS 

The  i = 0 and  1 layers  of  the  reciprocal  lattice  were 
reoonstruoted  graphically  from  osoillation  photographs;  they  in- 
dicated that  the  orystal  is  orthorhombic.  The  rotation  photographs 
were  then  indexed,  in  part,  by  means  of  this  reconstruction,  and  the 
separations  of  zero  layer  indexed  reflections  were  measured.  The  a 
and  b lengths  were  determined  from  a least  squares  treatment  of  24 
suoh  measurements.  The  c length  was  determined  approximately  from 
the  layer  line  spacing  and  was  refined  by  measurements  of  indexed 
arcs  on  powder  photographs.  The  rssulting  unit  cell  dimensions  are 

a = 10.72  *0 .06  X. 
b = 5.15  +0.03 
0 ■ 3.56+0,03 
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Systematic  absences  indioated  the  following:  hkO  present  only 
with  h even,  Ok  2 present  only  with  k + i even.  The  probable  spaoe 
groups  are  then  Pama  and  Fn2^a. 

If  4 moleoules  per  unit  ce1  . is  assumed,  the  density  should  be 
1.45g/om3.  The  density  of  solid  isooyanio  acid  has  not  yet  been 
measured;  however  the  density  of  cyanurio  acid  is  1.77g/cm3  and 
the  polymerization  is  aooompanied  by  a contraction.  It  is  therefore 
unlikely  that  there  be  other  than  4 moleoules  per  oell. 

The  determination  of  the  atomio  arrangement  in  being  continued. 


